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DOUBTS,  ,&c. 


HE  ancients  regarded  the  fenfe 
of  feeing  as  the  mo  ft  aftonifh- 
ing  of  human  phaenomena,  and 
authors  in  general  have  had  the 
mo  ft  fublime  ideas  concerning  it.  To  go 
back  to  the  fchools  and  do£trine  of  the  an¬ 
cients,  we  find,  that  the  Peripatetics  and 
Stoics  defined  vifion  to  be  an  emiflion  of 
rays  darting  from  the  eyes,  which  conjointly 
with  the  light  of  the  exterior  air?  feized 
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the  obje£ts  as  it  were,  and  by  that  means 
render'd  them  vifible,  Being  reflefled  Back 
again  on  the  eye  with  a  new  modification, 
and  by  their  union  with  the  obje6f,  the  rays 
caufe  an  impreffion  on  the  pupilla,  and 
produce  the  fenfation  of  the  objeft.  This 
they  attempted  to  prove  by  the  following 
circumftances.  By  the  natural  luftre  of  the 
eye.  They  obferved  alfo  that  we  perceive 
a  cloud  or  mill  which  is  a  great  way  from 
us,  without  diftinguifhing  that  which  fur- 
rounds  us.  That  we  don't  perceive  an 
objedf  which  is  on  the  pupilla.  That  the 
eyes  are  weakened  by  regarding  an  obje6f 
for  a  long  time,  which  they  fuppofed  to 
be  owing  to  the  quantity  of  rays  emanating 
from  them.  That  fome  animals  have  the 
property  of  feeing  in  the  night. 

The  Epicureans  imagined  that  vifion  con¬ 
fided  in  an  emanation  of  corporeal  atoms 
from  the  furfaces  of  bodies.  They  believed 
in  a  kind  of  atomical  influx,  which  evapor¬ 
ated  from  the  intimate  parts  of  bodies,  and 
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at  length  arrived  at  the  eye.  Their  princi¬ 
pal  reafons  were,  lft,  That  the  objeft  Ihould 
necelfarily  be  conne&ed  with  the  power  of 
feeing,  for  as  the  objefl  has  no  union  of 
itfelf,  it  fhould  be  united  to  that  fomething 
which  reprefents  it,  and  which  comes  from 
its  fubftance  by  a  perpetual  egreflion.  2dly, 
That  old  men  often  fee  objeffo  which  are 
far  removed,  better  than  thofe  which  are 
nearer  to  them.  3dly,  They  imagined  that 
all  vifible  objefls  imprinted  a  perfefl:  image 
of  themfelves,  in  the  ambient  air,  and  that 
this  image  form’d  another  ftill  fmaller,  that 
again  forming  another,  till  by  a  fucceffive 
feries  of  objeffs,  they  at  length  reached  the 
cryftaline  humor  of  the  eye,  which  they  con- 
lidered  as  the  principal  inftrument  of  vilion. 
- — This  progreffion*  correfponds  with  the 
fentiments  of  Ariflotle,  in  his  chapter, 
de  afpeflu.  Although  the  chain  of  images 

imagined  by  the  ancients  has  been  con- 

% 

fidered  as  a  chimera,  yet  the  ideas  of  Ari-^ 
flotle  may  very  wTell  be  reconciled  to  thofe 
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of  Defcartes  and  Newton.  For  they*  all 
three  fuppofe  a  medium. 

The  fun,  fays  Defcartes,  preffes  the  fub- 
tile  matter  found  thro"  the  vail  compafs  of 
the  world,  whofe  vibrations  reflected  from 

the  furfaces  of  this  matter,  are  communicated 

<  < 

to  the  eye,  and  from  thence  to  the  fen- 
forium-commune.  Newton  fuppofes  vihon 
to  be  owing  chiefly  to  the  vibrations  of 
an  exceeding  thin  medium,  which  by  means 
of  the  rays  of  light  are  put  in  motion 
on  the  bottom  of  the  eye.  This  impreffion 
communicating  again  by  the  filaments  of 
the  optic  nerves,  to  the  fenforium-com- 
mune,  conftitutes  the  fight.  The  celebrated 
Kepler,  in  his  ingenious  purfuits  on  this  fub- 
jecl,  wrote  his  Paralipomena  ad  Vitellionem , 
and  reduced  the  laws  of  vifion  to  thofe  cer¬ 
tain  and,  as  he  thought,  invariable  rules, 
which  form  the  prefent  fyflems  of  the  mo¬ 
derns.  He  probably  was  indebted  to  the 
hints  given  by  John  Baptifl  Porta,  for  the 
difcovery  :  who  firfl  obferved  the  phaeno- 


C  7  ]; 

mena  of  the  repr dentations  of  objeds  in  the 
camera  obfcura.  The  rays  of  light  refleded 
from  the  furfaces  of  objeds,  ftrike  on  the 
external  membrane  of  the  eye,  and  palling 
thro'  the  different  humors  of  this  organ,  they 
are  fubjeded  to  different  refradions  before 
they  can  flimulate  the  retina.  The  impref- 
fions  made  on  this  expanfion  of  the  optic 
nerves,  are  conveyed  to  the  fenforium-com- 
mune. 

i 

\  *  v  l  ’  1 

»  1 

The  inverfion  of  the  objeds  perceived  by 

John  Baptifl  Porta,  in  the  camera  obfcura, 
and  the  experiment  made  by  Kepler  with 
the  eye  of  a  calf  or  ox,  (deprived  of  its  ex¬ 
terior  membranes,  and  applied  to  the  hol$ 

thro'  which  the  rays  of  light  enter  into  the 
room,)  fubjeded  the  laws  of  vifion  to  a  very 
great  inconvenience,  of  which  the  ancients 
had  not  the  leaft  idea.  Kepler  perceived  in 
the  eye  the  inverted  fituation  of  objeds  on 
the  retina ;  he  faw  them  inverted  alfo  on 
the  wall  of  the  camera  obfcura,  from  which 

he 


lie  concluded,  that  we  actually  do  fee  ob~ 
je6Is  in  an  oppofed  fituation  to  what  they 
are  in  nature.  He  obferved  alfo,  that  the 
fuperior  faculties  of  the  foul  could  re&ify  fo 
apparent  an  error,  by  that  divine  influence 
which  they  have  over  the  body,  and  fhew  all 
objedfs  to  us  in  their  true  and  perfeH  fitu- 
ation.  His  fuppofitions  were  confirmed  by 
the  received  laws  of  refleftion  and  refraHion, 
and  by  the  different  denfities  of  the  humors 
of  the  eye. 

Let  us  fuppofe  a  ray  of  light,  A  a,  which 
marks  the  point  of  the  arrow  A  B,  refle£led 
through  the  air  on  the  tranfparent  furface 
of  the  cornea  R  S,  figure  1.  It  is  an  axiom 
in  the  laws  of  optics,  that  a  ray  of  light 
palling  from  a  rare  into  a  denfer  medium, 
approaches  the  perpendicular  line,  and  on 
the  contrary  recedes  from  the  fame,  when 
palling  from  a  denfe  into  a  rarer  medium. 
—The  rays  of  light,  ARBS,  are  con- 
trafiled  into  a  fmaller  fpace  as  they  approach 
the  tranfparent  cornea,  and  on  entering 
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into  the  aqueous  humor,  whofe  medium  is 
denfer  than  the  air,  they  are  drawn  nearer 
to  the  perpendicular.  In  traverfmg  the 
cryftalline  K,  they  are  more  powerfully 
attracted  by  the  fame  laws  of  refractions,  as 
the  humor  of  the  cryftalline  is  more  denfe 
than  the  aqueous.  But  when  the  rays  pafs 
into  the  vitreous  humoUr,  a  medium  lefs 
denfe  than  the  cryftalline,  they  diverge  from 
the  perpendicular  line  and  continuing  them- 
felves  to  the  bottom  of  the  eye,  paint  on 
the  retina  the  inverted  picture  of  the  objedlg 
A  B,  as  at  I  L. — The  celebrated  experi¬ 
ment  of  Mr.  Kepler  with  the  eye  of  an 
animal,  being  apparently  confirm'd  by  the 
laws  of  refraction  in  the  different  mediums, 
affured  him  ftili  more  of  the  reality  of  this 
inverfion.  It  was  the  means  like  wife  of 

v  v 

eftabliftftng  another  received  axiom  in  the 
vifual  laws,  namely,  That  without  the 
paintings  of  objeCls  on  the  retina,  vifiori 
muft  be  imperfeft. 


B 


According 
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According  to  the  mod  modern  improve¬ 
ments  and  difcoveries,  this  fenfe  has  dill 
been  fubjefled  to  feveral  inconveniencies, 
and  various  and  indefatigable  have  been  the 
enquiries  of  different  authors  to  reconcile 
them.  The  inverdon  of  objects  on  the 
retina  furprized  all  the  philofophers,  and 
each  by  a  different  road  have  endeavour’d 
to  explore  the  hidden  paths  of  fuch  a  deem¬ 
ing  contradi&ion  in  nature. 

i  1 

Defcartes,  endeavors  in  his  whole  fyffem 
of  vifion  to  reconcile  the  inverdon  of  ob- 

J  *  X  '  * 

je6ts,  and  imagined  that  the  uncertain  fenle 
of  feeing,  was  fubjefted  to  the  much  more 
certain  one  of  feeling,  condrming  his  ideas 
by  the  experiment  of  a  blind  man,  who 
holds  in  his  hands  two  dicks  eroding  each 
other,  by  which  he  determines  the  impulfe 
of  an  agent  to  be  on  the  left,  which  he  felt 
on  the  right,  and  on  the  right  when  he  felt 
it  on  the  left. 

\ 

M.  le  Cat,  in  his  Effay  on  the  Senfes, 
fays,  that  the  foul  ought  to  fee  the  rays  of 
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light,  or  rather  (lie  ought  to  feel  them  in 
the  different  parts  of  the  eye,  as  fhe  feels 
the  fire,  which  affe6ts  different  parts  of  the 
hand,  for  if  the  fire  burns  my  thumb  or 
little  finger,  my  foul  is  not  deceived.  The 
reprefentation  of  objects  are  turned  upfide- 
down  on  the  retina,  notwithflanding  which 

we  fee  them  in  their  true  and  natural  fitu- 

»  * . 

ation.  I  would  afk  then,  fays  he,  What 
becomes  of  the  jufhiefs  of  my  foul’s  judg¬ 
ment  ?  Or  rather,  by  what  means  does  fhe 

* 

corre6l  herfelf,  fo  as  not  to  judge  conform¬ 
able  to  the  fituation  and  impreffions  of  ch¬ 
iefs  on  the  retina,  hut  to  ihew  them  to  us 
as  they  are  in  nature  ?  Or  how  can  fhe  de¬ 
termine  the  impreffion  to  come  from  below, 
which  is  above,  or  that  to  be  on  the  right 
which  comes  from  the  left  of  the  object  on 
the  retina  ?  The  great  mailer  that  the  foul 
has  followed  is  the  fentiment  of  the  touch. 
The  fenfe  of  feeling  is  alone  the  competent 
and  fovereign  judge  of  the  fituation  of  bo¬ 
dies;  it  is  by  this  matter  that  we  are  firft  in- 

B  2  ftru£led 
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drafted  that  we  walk  upright,  and  from  this" 
firft  rule  he  has  given  us  the  idea  of  the 
true  fituation  of  other  bodies.  To  thefe 
remarks  M.  le  Cat  fubjoins  fome  qthers,  fuch 
as  the  probability  of  a  man  being  born  blind, 
and  afterwards  couched  and  reftored  to 
light,  having  obferved  this  inverfion  of  the 
objefts.  He  is  of  opinion  that  the  foul  does 
really  fee  objefts  inverted,  and  he  fays  he 
caught  her  once  in  the  very  faft. 

M.  de  Buffon  calls  the  fight  a  kind  of 
touch,  tho*  elfentially  different  from  the 
common  touch.  For,  fays  our  learned  phi- 

■  i r  i 

lofopher,  if  we  touch  any  body  with  our 
hands  or  body,  we  judge  by  contaft ;  but 
we  may  touch  with  our  eyes  at  whatever 
diftance  the  objeft  is  placed,  provided  only 
it  is  capable  of  refleftinga  fufficient  quantity 
of  light  to  make  an  impreffion  on  the  eye, 
and  be  contained  within  the  angle  of  one 
minute.  '  He  imagines  the  inverfion  to  be 
owing  to  a  defeft  in  the  formation  of  the 
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The  fentiments  of  the  Abbe  Nolet  on 
this  matter,  are  by  no  means  conformable 
to  the  opinion  of  the  former  gentlemen.  I 
fhall  give  what  he  fays  on  that  head  from  his 
own  words :  “  N’imaginons  done  pas,  commt 
on  la* fait,  contre  toute  vraifemblance,  que  nous 
voyons  naturellement  les  objets  renverfes,  &  que 
cenejl  que  par  I’habitude  ei  a  force  d*  experience, 
que  nous  apprenons  a  bienjuger  de  leurs  Jitua ~ 
iions.  Les  enfans  et  les  animaux  nouveaux  nes, 
nous  donnent  des  preuves  du  contraire  dans  les 
premier  smovemens  quils font  pour  exprimer  leurs 
befoins,  et  leurs  defrs.  Difons plutot  quit  efl 
impojfble  que  nous  voyons  jamais  les  objets.  autre~ 
ment  que  dans  leurs  fituations  naturelles  avec 
des  rayons  qui  fe  croijfent  en  entrant  dans  Voeil” 
And  he  fays  again,  “  Si  Ion  sclone  devoir  les 
objets  droits  quand  on  fcait  quels  fe  reprefentent 
toujour s  renverfes  dans  nos  yeux ,  ccf  quon  con - 
fonde  mal  a  propos,  1’imprcjfwn  qui  fe  fait  fur 
Voeil  ou  I'organe,  avec  le  jugement  de  fame  qui 
la  fidtS 


\ 


Le 
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-  -  V  •  .  ,  ,  ' 

Le  Chevalier  de  Jaueourt  fays,  that  chil¬ 
dren  have  imperfedi  fight  till  near  fix  or 

* 

feven  weeks  after  their  birth,  and  this  lie 

accounts  for  as  follows.  The  eyes  of  chil- 

/  < 

dren  which  come  into  the  world  have  been 
fhut  for  nine  months,  the  cornea  has  not 
been  able  to  acquire  its  external  convexity. 
The  velfels  through  which  the  watery  hu¬ 
mors  are  filter’d,  are  not  yet  appropriated 
to  this  office.  It  is  not  then  till  feme  time 
after  the  birth  that  a  fufficient  quantity  of 
aqueous  humors  are  collected  to  fwell  and 
fill  up  the  two  chambers  of  the  eye  and  di¬ 
late  the  cornea,  fo  as  by  puffiing  it  outwards 
to  deftroy  the  folds  of  its  fur  face,  and  by  a 
a  more  powerful  compreffion  render  the 
membranes  thinner.  Children  by  exercife 
fortify  and  ftrengthen  their  eyes,  tho’  they 
cannot  form  an  exadt  and  true  idea  of  each 
different  impulfe,  for  the  firfi  defedi  of  this 
fenfe  is  to  render  every  objedf  in  an  inverted 
fituation.  Before  they  can  afeertain  by  the 
touch  the  true  pofition  of  objedfs,  and  par¬ 
ticularly  of  thofe  which  are  relative  to  their 
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own  bodies,  they  fee  at  top  what  is  at  bot¬ 
tom,  and  at  bottom  that  part  of  the  objefl 
which  fhould  be  at  top,  and  fo  receive  by  the 
eyes  a  falfe  idea  of  their  true  pofitions. 
The  firft  error  therefore,  fays  theChevalier,  is 
occafioned  by  the  defefiive  formation  of  the 
eyes,  on  the  bottom  of  which  the  obje&s 
paint  themfelves  in  an  inverted  fituation, 
for  the  luminous  rays,  which  form  the  ima¬ 
ges  of  thefe  fame  objects,  cannot  enter 
into  the  eyes  by  a  decollation  thro*  the  fmall 
aperture  of  the  iris.  He  confirms  his  af- 
fertions  by  the  experiments  made  in  the  dark 
chamber.  Perhaps  it  may  be  objected,  he 

f 

fays  again,  that  perfons  who  have  been  born 
blind,  and  afterwards  reftored  to  fight,  have 
not  obferved  the  inverted  pofition  of  objefls. 
To  which  I  anfwer,  Thefe  blind  men  had 
been  accuftomed  all  their  life  time  to  the 
touch  of  objefts,  and  by  that  means  had 
form’d  fuch  a  certain  judgment  of  their  jfitu- 
ation,  that  their  fouls  became  lefs  fubjeft  to 
miftake  than  others.  For  if  the  fenfe  of  the 

touch 
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touch  did  not  corredl  and  redlify  the  fight, 
we  fhould  for  ever  be  deceived  relative  to 
the  true  pofition  of  objefls,  their  number 
and  places;  we  fliould  judge  them  inverted, 
or  double ;  we  fhould  guefs  the  'objects  on 
the  right  to  be  on  the  left  of  the  place  they 
actually  occupied,  and  if  inftead  of  two  eyes 
we  had  two  hundred,  we  fhould  ftill  judge 
the  objefls  to  be  fimple  tho*  we  faw  them  by 
as  many  different  multiplications.  With 
the  only  fenfe  of  fight  we  fhould  equally 
be  deceived  relative  to  the  diftances,  and 
without  the  touch,  all  objects  would  appear 
to  be  within  our  eyes,  becaufe  the  images  of 
objefls  are  aflually  fo ;  nor  can  we  judge 
otherwife  'till  we  have  meafured  the  di fiance 
by  ftretching  out  our  hands,  or  going  from 
one  place  to  another.  Thefe  are  the  fure 
and  certain  leffons  by  which  we  acquire  juft 
ideas  of  the  refpedlive  diftance  and  magni¬ 
tude  of  objefls.  If  then  they  afk  me  why 
1  fee  obje£ls  in  their  true  pofitions,  not- 
withftanding  they  are  inverted  on  the  retina, 
I  anfwer,  that  it  is  by  ufe  alone,  joined  to 
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the  fentiment  of  the  touch,  that  fuch  error 
is  duely  redlified. 

/  • 

The  more  modem  productions  of  Dr. 
Porterfield  and  Mr.  Reid,  leave  us  not 
without  our  doubts,  as  the  former  allows 
the  inverted  icon  on  the  retina,  but  fup- 
pofes  that  the  foul  does  not  judge  from  the 
adlual  poiition  of  the  objedl.  The  latter 
feems  to  conform  to  the  general  idea  or  axi- 

Q 

om  in  the  vifual  laws,  viz.  That  without  the 
paintings  of  objedls  on  the  optic  nerves  or 
retina,  vilion  muft  be  imperfedl,  but  does 
not  altpgether  agree  with  the  general  notions 
of  the  foul’s  judgment,  and  fuppofes  vihon 
to  be  an  immediate  perception, 

The  little  fatisfadlion  I  could  procure  my- 
felf  from  books  towards  the  inveftigation  of 
this  apparent  contradi&ion  in  nature’s  works, 
made  me  give  over  all  thoughts  of  accompl  idl¬ 
ing  it  by  any  hints  I  might  receive  from  others. 
I  fe arched  into  the  moil  reputed  authors  on 

C  that 


1 
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that  fubjedl,  Grimaldi,  Newton.  Molineux, 
Aquillioni,  Marfennes,  Scheiner,  Gregory, 
Smith,  De  la  Hire,  Marriot,  See.  See.  See. 
each  had  their  turn,  but  none  afforded  me 
any  fatisfadfory  arguments,  or  mark'd  out 
a  probable  track  to  guide  me  in  my  pur- 
fuits.  For  this  reafon  I  left  them  all,  and 
refolved  only  to  guide  myfelf  by  fi^ch  ex¬ 
periments  in  dioptrics,  as  I  could  afterwards 

L  1  '9 

confirm  by  obferving  in  what  manner  I  was 
altered* 

The  fedlators  of  Kepler,  (as  indeed  every 
author  who  has  followed  this  fyftem  of  the 
inverfion  of  objetfs  pn  the  retina,)  have  con¬ 
tented  themfelves  with  general  proofs,  fuch 
as  experiments  made  in  the  camera  ©bfeura* 
They  have  adapted  eyes  (whofe  external 
membranes  have  been  cut  away)  to  the 
aperture  in  a  room  thro'  which  the  rays 
of  light  entered,  and  have  obferved  the  in¬ 
verfion  of  objedfs  as  deferibed  by  Kepler 
and  Defcartes.  Contented  with  this  they 
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have  ceafed  their  purfuits.  But  I  have  al¬ 
lured  myfelf  that  very  little  certainty  of 
inverfion  of  objecls  in  the  eye  ought  to 
be  taken  from  this  experiment,  for  the 

a  * 

fame  phenomena  will  conilantly  fucceed 
from  the  application  of  a  imiple  convex  lens, 
or  a  glafs  globe  filled  with  water,  or  in¬ 
deed  any  tranfparent  fpherical  ohje6f,  whofe 

convexity  collects  a  greater- number  of  rays 

1 

of  light  than  the  fame  diameter  could  were 
it  a  plane  furface.  Should  the  rays  of  light 
pafs  into  a  dark  room,  thro5  a  fmall  aperture 
before  which  a  convex  lens  is  placed,  the 
objects  will  ceafe  to  appear  on  the  walls, 

but  will  paint  themfeives  on  a  paper  at  a 

*  _  * 

fmall  diflance  from  the  lens  in  the  fame 
inverted  fituation.  Place  at  a  proper  dif¬ 
iance  from  its  focus  a  lens  of  the  fame  form 
and  diameter,  and  the  obje61s  will  difappear 
on  the  paper,  but  will  prefent  themfeives  to 
the  eye  of  the  fpe£lator  that  looks  thro'  the 
kits  in  their  natural  fituation. 

;€  %  'Suopofe 
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Suppofe  the  rays  of  light  (whofe  proper¬ 
ties  are  always  to  move  in  ftraight  lines) 
fhouid  be  reflected  from  an  ohjedl  as  at 
AB,  fig.  2,  the  converging  rays  palling 
thro'  the  hole  of  the  camera  obfcura  will 
deculfate  and  paint  an  inverted  icon  of  the 
different  objedls  on  the  oppofite  wall  of  the 
room  C  D.  But  if  a  fpedlator  placed  in  the 
chamber  at  E,  fiiould  view  the  external 
object  A  B  thro'  the  aperture  M  N,  it  is  cer¬ 
tain  he  will  fee  the  objedl  A  B,  in  its  natural 
fituation  at  FG.  It  is  no  difficult  matter 
to  account  for  this  circumftance.  The  rays 
of  light  which  form  a  converging  cone,  con- 

O  O  O  ' 

tinually  purfuing  the  fame  direction,  ftrike 
the  eye  of  the  fpedlator,  the  diameter  of 
whofe  pupil  is  infinitely  fmail  compared  to 
the  diameter  of  the  aperture  M  N,  of  the 
camera  obfcura.  The  fpedlator  muff  con¬ 
sequently  fee  the  object  A  B  under  a  much 
imalier  angle  than  that  thro'  which  it  enters 
to  throw  itfelf  on  the  wall  C  D.  Obferve 
that  the  rays  of  light  do  not  diverge,  but 
are  reprefented  at  the  bottom  of  the  eye. 
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as  the  centre  of  the  circle,  or  the  point  of 
the  angle  form’d  by  the  union  ol  the  rays 
which  come  from  the  top  and  bottom  of  the 
objebL 

V 

If  we  may  judge  with  the  celebrated 
Berkley,  the  eye  is  capable  of  confidering 
the  different  manners,  or  rather  the  diffe¬ 
rent  pofitions  of  objefls,  muff  caufe  vari¬ 
ous  fenfations  on  the  optic  nerve.  For  if 
an  obje6I  in  an  eredl  pofftion  will  caufe  a 
certain  and  determined  impreffion  on  the 
organ  of  fight,  and  the  fame  objeft  in  an 
inverted  fituation  will  caufe  another  fenfa- 
tion,  by  no  means  conformable,  but  utterly 
oppofed,  the  foul  then  eftimates  and  confirms 
the  different  impreffions  which  are  made 
on  the  retina.  Let  us  fuppofe  for  a  mo¬ 
ment,  that  in  the  laws  of  vifion  as  taught 
by  Kepler,  the  inverted  icon  muff  necefia- 
rily  paint  itfelf  on  the  retina,  are  we  to 
conclude  from  thence,  that  we  cannot 
judge  of  the  manner  in  which  the  eye  is  af- 

fefletl 
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fedled,  and  perceive  it  to  be  different  when 

*  4  „  . 

an  objedl  turn'd  uplidedown  prefents  itfelf 
on  the  retina  in  an  erefl  pofition.  For  if 
the  laws  of  vifion,  according  to  Kepler, 
were  the  only  certain,  and  the  paintings  of 
objedls  on  the  retina  the  pure  foiirce  of 
light,  admitting  even  that  the  foul  rectifies 
this  natural  error,  occafioned  by  the  in- 
verfion  of  the  objefl,  as  reprefented  on  the 
cxpanfion  of  the  optic  nerve,  fhe  muff  fiill  be 
differently  affefled  when  the  objefl  changes 
its  pofition.  To  put  this  matter  in  a  clearer 
point  of  view.  I  fuppofe  a  man,  A  B, 
£g.  3.  walking  at  a  (mail  diftance  from  the 
fpedlator,  whofe  eye  examines  him,  and  re¬ 
ceives,  according  to  Kepler,  the  inverted 
reprefentation  of  the  objefl  on  the  retina  at 
C  D.  Should  I  fuppofe,  on  the  contrary, 
a  man  Handing  on  his  head  as  at  C  D,  his 
image  mull  be  painted  on  the  fpe&ator’s 
eye  in  an  ere6l  fituation,  as  at  E  F.  Ob- 
fervation  will  confirm  in  the  moil  evident 
manner,  to  every  individual,  (and  which  is 
better  than  a  thoufand  experiments)  that  I 
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diitmguiili  in  the  moll  clear  and  perfpicu~ 
ous  manner,  the  change  of  pofition  in  a 
man,  who  Hands  alternately  on  his  head  or 
feet.  This  diflindlion,  according  to  the  fec- 

tators  of  Kepler,  depends  on  the  fuperior 

* 

powers  of  the  foul,  which  corre6l  the  errors 
of  our  fight,  and  appropriate  them  to  our 
judgment.  According  to  their  fy Hem,  it  is 
the  aflive  principle  of  the  foul  which  cor- 
re£ls  that  inverfion  of  the  objefl  which  is 
form'd  on  the  retina,  for,  fay  they,  the 
foul  takes  cognifance  of  obje6ls  by  the  pro- 
greflion  of  right  lines.  Should  we  fuppofe 
the  reprefentation  of  the  figure  A  B,  to  be 
inverted  on  the  retina  C  D,  yet  by  the  pro- 
greflion  of  the  fame  lines  the  obje6l  mu  ft  be 
conveyed  to  the  fenforium  commune  as  at 
E  F,  and  again,  if  he  flood  upon  his  head, 
the  fpe6lator  could  not  by  the  fame  progref- 
fion  of  lines  fee  him  in  any  other  pofition 
than  Handing  on  his  head.  All  this  feems 
conformable  to  obfervation.  But  I  cannot 
help  drawing  a  conclufion  which  rnuft  limit 

the 
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the  afltve  principle  of  the  foul.  For  as  file 
conftantly  oppofes  this  reprefentation  of 
objedls  on  the  optic  nerves,  the  foul  is  only 
adlive  in  re  foe  61  to  the  mutations  fhe  caufes 
in  the  pofition  of  the  objedl,  otherwife  (lie 
enjoys  no  more  than  a  paflive  privilege, 
fince  fhe  mechanically  oppofes  the  fituation 
in  which  the  objedl  is  painted  on  the  retina. 
To  explain  myfelf :  If  either  the  intelligent 
principle  by  which  we  form  to  ourfelves  the 
juft  idea  of  the  fliape,  color,  and  extension 
of  external  objedls,  or  if  the  foul  judges 

conftantly  by  a  fimple  correction  of  the 

\ 

paintings  of  objedls  only,  does  fhe  do  more 
than  change  their  fituation,  by  oppofing 
and  inverting  the  order  of  their  pofition  on 
the  retina  ?  The  perceptive  and  active 
powers  of  the  foul,  which  conftitute  the 
moft  brilliant  part  of  the  Keplerian  fyftem, 
are  limitted  to  a  very  narrow*  compafs. 
Without  any  prepofleflions  in  favor  of  a  new 
fyftem,  does  that  of  Kepler  produce  any 
thing  more  in  reality  than  the  power  of  the 
foul  oppofing  the  pofition  of  objedts  on  the 
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retina  ?  An  objeft  placed  at  A  B  would  by 
the  different  refractions  which  the  rays  of 
light  undergo  in  palling  thro’  the  humors  of 
the  eye,  be  reprefented  on  the  retina  in  the 
pofition  C  D,  a  circumflance,  fay  they,  in- 
conteffable,  and  proved  by  tne  lanCtion  of 
experiments  made  in  the  camera  obfcura. 
The  inverfion  of  the  objeCl  on  the  retina, 
(by  no  ways  conformable  to  our  manner  of 
feeing)  furprized  our  celebrated  obferver, 
and  the  circumflance  embarrafled  him  to 
account  for  its  caufe,  and  appeared  fo  mani- 
feflly  evident  in  the  experiment  of  the  eye 
applied  to  the  hole  of  the  camera  obfcura, 
that  it  induced  him  to  look  on  it  as  fome- 
thing  divine,  or  owing  its  influence  to  the 
fuperior  faculties  of  the  foul  entire ly* 
Change  the  pofition  of  an  external  object  in 
what  manner  you  will,  yet  according  to 
the  fyftem  of  Kepler,  its  pofition  on  the 
retina  muff  be  entirely  oppofed  to  its  natural 
one ;  as  again,  the  aClion  of  the  foul  in  the 
fenforium  commune  will  paffively  oppofe  its 

D  lunation 
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fituation  on  the  retina.  Thefe  circum* 
Dances  are  fo  certain,  that  the  feCtators  of 
Kepler  aflure  us,  if  there  were  no  paintings 
of  objeCts  on  the  retina,  there  could  be  no 
vifion.  The  paintings  of  objeCts  are  always 
oppofed  to  their  natural  fituation,  confe- 
quentiy  uncertain,  unlefs,  as  he  obferves, 
the  foul  rectifies  them,  which  it  does  by 
palFively  oppofing  their  fituation  on  the 
retina.  I  fhall  leave  every  one  to  make 
what  reflections  they  pleafe  on  this  matter, 
and  fhall  content  myfelf  with  obferving  firft, 
That  the  judgment  of  the  foul,  on  the  re- 
prefentation  of  objeCts  on  the  retina,  corre- 
fponds  with,  and  conforms  to  the  fituations 
of  external  reprefentations  on  the  cornea 
and  conjunctive  membranes  of  the  eye.  If 
it  be  neceffary  to  bring  any  farther  proofs  of 
fo  obvious  a  truth,  as  the  external  impref- 
Dons  made  on  the  cornea,  being  the  only  one 
which  is  conformable  to  the  true  fituation 
of  objeCts  in  nature,  the  following  expert* 
rnent  mult  put  it  beyond  a  doubt. 
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Let  the  crofs,  A  B  C  D,  fig.  4,  repre* 
fent  the  inverfion  of  the  ohje.61  which  hap- 
pens  in  the  camera  obfcura.  Should  a  fpec- 
tator  placed  within  the  room  as  at  S,  look 
on  the  reprefentation  of  the  objefl  C 
againfl  the  wall,  it  ought  according  to  the 
rules  of  vifion  eflablifh’d  by  Kepler,  to  be 
painted  on  the  retina  in  its  true  pohtion  ABa 
For  the  rays  of  light  reflefled  back  from 
the  wall  C  D,  fhould  by  the  decuffation  of 
their  rays  in  traverfing  the  different  humors 
of  the  eye,  reprefent  the  crofs  in  an  invert¬ 
ed  fituation  to  CD.  on  the  retina  of 
the  eye  of  the  fpeffator  S,  But  it  is 
very  evident  from  every  man’s  own  ex- 

.  V  * 

perience,  that  if  I  turn  my  eyes  towards  the 
wall,  and  look  at  the  objefl  CD,  I  fee  it 
in  its  inverted  fituation,  as  the  eye  would  do 
at  F.  The  feffators  of  Kepler  will,  no 
doubt,  obferve  that  the  fame  thing  happens 
by  the  influence  of  the  foul  in  correfling 
the  inverfion  of  the  objeff  CD,  on  the 
retina  of  the  fpe&ator  S,  fo  that  he  fees  k 

D  2  m 
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'  in  its  true  pofition  C  D.  The  rays  of  light 
when  colleded  by  a  concave  mirror  at  HK,as 
they  enter  the  aperture  of  the  dark  chamber, 
and  refle6led  back,  will,  as  they  diverge  be¬ 
yond  the  focal  point,  reprefent  the  image 
on  the  wall  in  its  true  pofuion  as  at  L  M, 
fo  that  if  we  look  at  the  obje6t  O  P,  from 
the  eye  R,  our  ideas  will  correfpond  with 
its  inverted  lituation,  the  fame  as  we  may 
fee  it  in  its  true  fituation  by  the  diverging 
rays  L  M,  in  the  eye  G.  By  this  experi¬ 
ment  we  may  learn,  that  the  icons  of  diffe¬ 
rent  objefts  are  to  be  reprefented  in  either 
an  inverted  or  natural  pofition  as  depending 
only  on  the  manner  in  which  the  rays  of 
light  are  refle£led  from  the  different  furfaces 
of  bodies.  But  it  will  be  very  neceffary  to 
obferve,  that  thefe  delineations  of  the  ob- 
je£fo  never  take  place  but  by  the  diverging 
rays  after  they  have  paffed  the  focal  diffance 
of  the  refle£!ing  body. 

According  to  Kepler’s  fyflern,  the  ac¬ 
tive  principle  of  the  foul  is  found  to  oppofe 
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and  change  the  pofition  of  the  objeCl  on  the 
retina,  be  it  what  it  will,  without  exception. 
Then  why  does  the  judgment  of  the  foul, 
when  it  correCts  the  pofition  of  objefts  on 
the  retina,  ever  conform  to  the  Gtuation  of 
ohjeCts  on  the  conjunctive  membrane  of  the 
eye  ?  Or  are  we  to  regard  this  aCtive  princi¬ 
ple  of  the  foul  as  limifcted  to  the  correcting  of 
an  error,  by  an  ineeffant  opofition  to  the 
icon  as  reprefented  on  the  retina  of  every 
individual  ?  For  the  foul,  according  to  this 
fy flem,  is  entirely  paffive,  and  Kepler  might 
with  much  lefs  my  fiery  have  advanced,  that 
every  aCtual  impreffion  made  on  the  retina, 
was  continued  to  the  fenforium  commune, 
by  the  progrelhon  of  the  fame  lines,  where 
its  inverted  fituation  was  probably  corrected. 
Should  the  paintings  of  objeCts  be  fo  very 
effential  to  the  true  caufesof  vifion,  the  active 

*  t 
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principle  ought  to  confirm  to  us  thefe  rep  re¬ 
fen  tations,  or,if  asKepler  affirms, the  fuperior 
influence  of  that  innate  principle  bywhichwe 
ar e  animated,  wasconfcious  of  the  error  into 

which 
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which  fuch  delineations  might  lead  us,  it  ought 
again  to  change  their  portions,  and  reprefent 
them  to  us  in  their  natural  fituations.  If  we 
confider  the  foul  as  the  mod  adlive  principle 
of  human  nature,  we  make  it  abfurd  to. 
fuppofe  her  paffive  in  any  one  circumdance. 
The  adtive  powers  of  the  foul  can  by  no 
means  argue  a  paffive  principle  as  (he  is 
the  judge  or  mediatrix  of  all  our  perceptions; 
was  (lie  therefore  to  remain  paffive.  fuch 

i 

perceptions  mud  become  imperfedl  to  the 
body.  I  have  endeavor’d  to  ffiew  by  the 
third  and  fourth  experiments,  that  the  ac~ 
tive  principle  is  limitted  to  a  paffive  variation 
of  the  objedl  by  the  Keplerian  fyflem. 

The  way  of  reafoning  eftabliffied  by  Kep¬ 
ler  may  then  be  fufpedled,  yet  the  effedi: 
produced  by  it  will  ever  be  the  fame,  for  we 
can  fee  objedts  but  one  way,  and  that  mud 
be  in  their  natural  pofitton. 

The  firfl  circumdance  that  naturally  oc¬ 
curs  to  every  obferver  of  the  human  eye 
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is,  that  the  exadf  reprefentations  of  all 
objedts  are  naturally  and  exadlly  painted 
on  the  conjundlive  membrane  of  the  eye* 
The  pofition  of  thefe  objects  will  be  found 
to  agree  invariably  with  the  judgment  of 
the  foul.  We  are  next  led  to  conlider,  that 
the  eye,  according  to  the  Keplerian  fyflem^ 
mu  ft  receive  two  di  Hindi  and  oppofed  fenfa- 
tions.  The  fbft  that  natural  and  exadl  re- 
femblatice  of  the  dbjedi  which  is  delineated 
on  the  extreme  fenfible  membrane  cover¬ 
ing  the  cornea  of  the  eye,  and  call’d  by 
anatomifts  the  conjun&ive.  The  fecond 
the  fuppofed  inverted  icon  of  the  objedi 

painting  itfelf  on  the  retina,  and  which  the 

\ 

fedlators  of  Kepler  look  upon  as  abfolutely 
neceffary  to  vifion.  The  eye  thus  receiving 
two  diflindl  fersfations,  offers  the  following 
queftion  to  our  obfervation.  Does  the  fu^ 
perior  influence  which  the  foul  has  over  the 
corporeal  fubflance,  lead  her  to  judge  of 
natural  objedts  by  the  impreffion  which  is 
made  on  the  exterior  or  interior  part  of  the 

eye  ? 
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eye  ?  When  we  confider  that  the  fenfes  in 
general  flow  from  the  fame  fource,  that  they 
are  all  founded  on  that  innate  fenfibility 
which  is  given  to  the  nerves,  and  that  thefe 
nerves  have  an  univerfal  fympathy  among 
them fe Ives ;  I  fay  then,  we  may  conclude  in 
£a61  that  we  have  but  one  general  fenle.  This 
fundamental  and  univerfal  fenfe  is  the  ag¬ 
gregate  of  thofe  univerfal  impulfes  which 

are  made  upon  the  nerves,  and  which  are 

'  / 

by  them  communicated  to  the  icnloriurxi 
commune.  They  are  more  refined  as  the 
refpeciive  organs  are  more  efientkl  to  the 
prefervation  of  the  individual,  or  ufeful  to 
his  exiftence.  The  fenfations  are  either 
acute,  pleafing,  torpid,  or  infenfible,  in 
proportion  as  the  nerve  is  more  or  Ids  fen- 
lible  in  itfelf,  or  more  or  Ids  bedew’d  by 
the  paflive  organ  of  the  cellulary-membrane 
in  which  they  are  enfolded. 

The  eye,  from  its  extreme  vicinity  to  the 
,fbrain,  becomes  in  itfelf  the  moil  refined  or* 
gan  of  the  fenfes ;  its  nerves  are  not  only 


\ 


[33'] 

die  mod  conliderable,  bat  the  mod  ex- 
pofed  to  the  impreffions  of  external  obje61sp 
and  its  agent  the  pureft  fubftance  in  nature., 
the  rays  of  light.  Is  it  not  furprizing,  that 
of  all  the  fenfes,  it  is  the  only  one  whofe 
phenomena  have  remained  a  profound 
myftery  ?  For  the  other  fenfes  are  known 
to  be  caufed  by  the  impuife  of  different 
agents  which  affebl  them,  and  our  fenfations 
are  deduced  from  their  irnpreffion  on  the 
nerves  of  the  human  body.  The  adtual  con¬ 
tact  of  objedls  determines  their  qualities  and 
form,  when  examined  by  the  fenfes  of  feeling 
and  tailing.  The  olfablory  nerves  are  fti- 
mulated  by  certain  particles  floating  in  the 
air,  the  auditory  by  the  vibrations  of  founds. 
The  retina  ffimulated  by  the  rays  of  light 
which  are  refledled  from  th^  external  furface 
of  bodies,  is  fubjedled  to  the  general  caufe  of 
impreffions  with  our  other  fenfes.  Why  then 
are  we  to  fuppofe,  that  the  paintings  alone  of 
objedls  on  the  retina  do  caufe,  or  are  effen- 
tial  to  the  laws  of  via  on  ?  Has  any  one  feen 

E  lids 
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this  painting  on  the  retina  ?  Mr.  Marriottc 
pretends  to  have  feen  it  on  the  retina  of  a 
cat,  which  he  plunged  into  water.  The 
different  attempts  I  have  made  to  afcertain 
this  circum (lance  on  the  human  eye  of  feve- 
ral  perfons  placed  fo  as  to  receive  a  con¬ 
venient  degree  of  light,  as  alfo  on  different 
animals  by  laying  them  in  a  prone  fituation 
the  better  to  receive  the  impreffion  of  an 
objedl,  never  afforded  me  any  thing  certain 
on  that  fubjedt.  But  I  have  found  by  ex¬ 
perience,  that  the  retina  muff  receive  the 
impulfe  of  the  agent,  to  flimulate  the  fibrils 
of  the  optic  nerves,  or  vifion  will  be  imper- 
fe£i  without  it.  The  truth  of  this  affer- 
tion  every  perfon  may  prove  upon  himfelf. 
Let  the  perfon  (hut  his  eye,  or  keep  within 
a  dark  room  for  a  fhort  time,  on  coming 
out  let  him  open  his  eyes  to  look  with  firm- 
nefs  and  attention  upon  any  luminous  ob« 
jedl,  fuch  as  particularly  the  fun,  or  a  can¬ 
dle,  or  a  window  thro"  which  the  rays  of 
light  enter  in  abundance,  the  eye  on  being 
immediately  clofed  will  prefent  feveral  or 
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one  luminous  globe,  fuppofmg  he  has  ex¬ 
amined  the  furface  of  the  fun  ;  or  if  a  win- 

* 

dow,  its  fhape  and  form,  which  will 
laft  in  proportion  to  the  ftimulus  that  has 
been  made  on  the  optic  nerve.  But  if  the 
ilimulus  has  been  very  great,  fo  as  to  affeft 
the  optic  nerve,  by  a  lehon  in  fome  part  of  it, 
then  the  perfon  will  perceive  an  opake  fpot, 
which  may  remain  for  fometime  unlefs  the 
nerve  does  fufficiently  recover  its  fenfibility, 
and  then  the  dark  fpot  will  difappear.  It  will 
be  neceffary  to  obferve  likewife,  that  thefe 
impreffions  which  are  caufed  by  the  a£Hon$ 
of  external  caufes  on  the  optic  nerves,  will 
always  appear  to  affe£I  the  retina  in  their 
true  and  natural  pofition  and  never  in  an 
inverted  fituation. 

The  idea  that  objefts  are  painted  on  the 
retina  took  its  origin,  as  I  have  already 
mentioned,  from  the  experiment  made  by 
Kepler  with  the  eye  of  an  ox  or  calf,  ftrip’d 
of  its  external  covering,  and  adapted  to  the 
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hole  of  the  camera  obfcura,  on  which  the 
inverted  reprefentations  of  the  external 
lan  Ucaoe  were  oblerved.  I  n  reoeatingr  the 

1  j  O 

fame  experiment,  the  fame  inverhon  of  the 
object  appeared  to  me,  but  I  can  by  no 
means  allow  as  a  conclufion  drawn  from  it, 
that  the  fame  thing  happens  in  the  human 
eye  when  we  behold  all  natural  obje£is. 
The  inveriions  of  obje£h4  on  the  retina  ha'Te 
produced  many  ingenious  hypothefes,  which, 
like  the  fyftem  itfelf  mull;  fall,  if  founded  on 
an  error.  For  where  nature  is  fnnple  and 
uniform  in  ail  her  woiks,  how  can  we  re¬ 
concile  fuch  fy Herns  to  that  general  fi impli¬ 
cit  y  of  her  laws  ? 

- 1 

1 

What  T  have  juft  mentioned  will  be  eluci¬ 
dated  by  the  following  experiments,  which 
will  alfo  throw  fome  more  light  on  thofe 
queftions  in  which  we  propofed  to  confider, 
firft,  If  the  foul  determined  the  natural 
fituations  of  obje£ts  by  the  firft  irnpreftions 
which  are  made  on  the  cornea,  or  by  the 
fecond,  or  thofe  irnpreftions  made  by  the 
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fuppofecl  paintings  of  objedls  on  the  retina. 

No  one  will,  I  imagine,  deny  the  exiflence 

of  what  I  call  the  fir  ft  imprefiions  on  the 

exterior  membranes  of  the  eye:  it  is  a  truth 

(hke  many  others  which  I  have  mentioned) 

of  which  every  one  who  choofes  to  obferve, 

may  be  allured  of  its  veracity;  as  alfo,  that 

thefe  reprefentations  of  objedls  are  always 

conformable  to  the  judgment  of  the  foul.  I 

have  examined  with  a  fcrupulous  attention 

the  eyes  of  feveral  perfons  in  which  the 

imaguncula  of  the  object  which  the  eye  of 

the  fpedlator  was  attentive  to,  did  always 
•  » 
correfpond  with  its  exadt  fituation. 

Placing  myfelf  before  a  mirror,  and  hold¬ 
ing  fome  fmall  objedt  between  my  eye  and 
the  glafs,  I  could  perceive  the  objedf  de¬ 
lineated  on  the  furface  of  my  eye.  in  the 
exadl  fituation  I  held  it,  that  is  to  fay,  up¬ 
right  when  I  held  it  fo,  and  inverted  on 
changing  its  fituation,  or  turning  it  upfide- 
down.  the  idea  of  its  fituation  always  formed 

in 
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in  my  mind  the  fame  pofition  of  the  object 
as  that  in  which  I  actually  faw  it,  and  in 
which  it  appeared  on  the  exterior  part  of 
the  eye.  This  fufficiently  convinced  me, 
that  our  ideas  do  continually  and  invariably 
depend  on  the  manner  in  which  objects  are 
reprefented  on  the  cornea,  juft  as  the  mirror 
reprefents  the  true  pofition  of  external  ob~ 
je6ls.  It  is  obvious  alfo,  that  the  retina 
can  receive  no  impreftion  from  an  external 
agent,  without  its  fir  ft:  having  made  a 
due  and  fenfible  impulfe  on  the  conjunc¬ 
tive.  Now  the  nature  of  the  human  ft  rue- 
ture  is  fuch,  that  an  impulfe  given  to  two 
different  nerves,  or  two  different  parts  of 
the  fame  nerve,  will  caufe  two  feparate  and 
diftinffc  fenfations.  If  the  foul  therefore 
can  receive  and  judge  of  different  impelfes, 
does  it  not  appear  that  file  muff  be  agitated 
in  two  different  manners,  by  the  pofition  of 
obje&s  on  the  conjunfUve  and  the  retina, 
for  as  (he  is  fenfible  to  every  impreftion 
made  on  her  meffengers,  the  nerves,  file 
ought  to  be  affe&ed  by  ever y  different  im- 
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pulfe.  The  conjunctive,  or  the  external 
membrane  of  the  eye,  is  a  nervous  veil  of 
the  molt  exquifite  fenfibility,  covering  over 
the  whole  circle  of  the  tranfparent  cornea* 
and  fp reading  itfelf  on  the  tunica  albuginea. 
This  membrane  does  therefore,  as  a  kind  of 
ftimulus,  excite  the  foul  to  obferve  the  im- 
preffions  made  cn  it  by  the  rays  of  light,  which 
are  again  more  effentially  confirm’d  by  thefe 
impulfes  as  they  are  carried  on  to  the  retina. 
To  elucidate  this  matter  more  fully,  let  us 
fuppofe  A  B,  fig.  5,  to  reprefent  the  ex¬ 
terior  membrane  of  the  eye,  or  the  conjunc¬ 
tive;  let  C  D  fignify  the  expanfion  of  the 
optic  nerves  on  the  retina.  Let  us  fup¬ 
pofe  any  body  whatever  moving  before  the 
eye  in  a  flow  direction,  may  refleCt  dif¬ 
ferent  cones  of  rays  upon  the  conjunctive 
as  it  paffes,  at  1,2,  3,  4,  5,  in  its  courfe 
from  L  to  M.  We  may  fuppofe  likewife, 
(according  to  the  Cartefian  and  Kepleriati 
fyfterns  of  vifion)that  thefe  impulfes  muft  af- 
feCt  the  retina  by  thedecuflation  of  their  rays, 

C  D, 
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C  D,  as  in  1,2,3,455,  mark'd  on  that 
membrane.  From  this  circum (lance  it  mull 

t , 

manifedly  follow,  that  the  eye  receives  two 
oppofed  and  different  impulfions,  excepting 
thofe  which  are  made  in  the  central  points, 
3  M  L,  3  I  K.  Were  it  really  the  cafe,  that 
the  paintings  of  every  objet  mud  abfolutely 
be  delineated  on  the  retina  to  caufe  perfet 
vifion,  and  that  fuch  delineation  was  al¬ 
ways  inverted,  in  fuch  cafe  1  am  alrnoft 
perfuaded  in  my  own  judgment,  that  the 
eye  mud  befenfible  of  the  two  different  i ru¬ 
pee  dions  made  on  it,  and  mud  be  fol¬ 
lowed  by  a  confufion  in  the  faculties  of  this 
fenfe.  For  the  extreme  fenhbility  of  the 
external  membrane,  or  the  conjunctive, 
mud  render  its  affetions  of  material  con- 
fequence  to  the  fenfations.  But  in  fat, 

■  r  * ,  ■  1 

vifion  in  the  human  body  is  both  perfet  and 
imperfet.  The  manner  in  which  I  make 
this  didintion  is,  by  calling  imperfet  vifion 
all  that  circle  of  perceptions  beheld  by  the 
tranfparent  cornea  ;  and  perfet  vifion  that 
cone  of  rays  which  dimulates  the  retina^ 
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thro*  the  aperture  of  the  iris.  We  have 
imperfe£t  vifion  when  we  open  a  book  and 
regard  the  fubjedfc  of  the  whole  page,  and 
perfeQ;  vifion  is  the  explaining  of  it  word 
by  word. 

The  celebrated  Sthaal,  attributing  to 
every  different  part  an  aftive  and  fenfible 
faculty,  fays  that  the  foul  directs  every  move¬ 
ment  of  the  body.  It  mull  appear  almoft 
evident  to  the  obfervation  of  every  one,  that 
the  optic  nerves  feem  to  poffefs  a  radiant 
and  primitive  fenfibility  intirely  fuperior 
to  the  influence  of  the  will,  or  elfe  men 
would  have  been  endued  with  a  power 
of  ordering  the  different  diameters  of  each 
iris,  and  regulating  their  contra&ions  and  di- 
litations.  But  thefe  fublime  faculties  of  the 
foul  are  as  infinitely  fuperior  to  that  privi¬ 
lege  which  nature  has  given  to  us,  of  di~ 
re£ling  the  different  motions  of  our  hands 
and  feet,  as  the  animating  principle  itfelf  is 
fuperior  to  the  body.  And  here  I  lhall 
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beg  leave  to  corredl  an  error  of  the  celebrated 
Dr.  Whytt,  who  allures  us,  that  each  iris, 
by  a  fympathetic  power,  always  preferves 
an  equal  and  juft  proportion  in  their  contrac¬ 
tions  and  dilitations.  But  from  an  exadt 
obfervation  on  the  eyes,  I  have  remark’d 
that  they  often  differ  very  elfentially  in  their 
refpedtive  dilitations,  for  fometimes  the  aper¬ 
ture  of  the  iris  of  one  of  the  eyes  fhall 
be  double  that  of  the  other.  Although  the 
apertures  of  the  iris  do  in  general  corre- 
fpond  in  their  diameters,  yet  when  one  or 
other  of  the  eyes,  either  by  a  fpontaneous 
inflammation,  or  a  cold,  or  if  the  eye  is 
blood-fhot,  from  a  blow  or  other  caufes,  in 
fuch  cafe  then,  as  the  fenfibility  of  the  nerves 
are  injured,  the  diameter  of  the  iris  of 
the  injured  eye  is  generally  lefs  than  that 
which  is  not  hurt.  But  in  order  to  have 
perfedf  vifion,  this  extreme  fenfibility  of 
the  iris  is  evidently  necelfary,  for  as  we 
are  continually  moving  from  place  to  place, 
it  often  Happens  that  the  eyes  are  affedfed 
by  different  cones  of  light  falling  on  them, 
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in  which  cafe  the  iris,  when  diredlecl  by  the 
innate  fenfibility  of  each  particular  nerve, 
appropriates  itfelf  to  each  refpe&ive 
cone  of  rays.  That  every  perfon  may 
be  enabled  to  confirm,  what  I  here  affert 
by  obfervation,  let  them  place  themfelves 
before  a  mirror,  having  on  the  right  and 
left  hand  a  candle  of  the  fame  fize  and  length, 
let  them  burn  till  the  wick  becomes  long, 
then  fnuff  either  one  or  other  of  the  candles, 
without  fnuffing  the  other,  and  you  will  fee 
the  iris  change  its  aperture  and  appropri¬ 
ate  itfelf  to  the  different  ftimulus ;  the  fame 
thing  may  be  done  by  moving  one  or  other 
of  the  candles  farther  from  you.  Havings 
convinced  myfelf  from  frequent  experiments 
made  in  this  manner,  that  each  iris  does 
really  and  evidently  appropriate  itfelf  to 
the  ftimulus  occafioned  by  the  different  mo- 
dulations  of  the  light,  I  began  next  to  con- 
fider  that  thefe  variations  in  their  apertures 
muft  occafion  different  confufions  in  the 
fenfe  of  feeing,  fuppofing  the  objedls  were 

F  2  really 
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really  inverted.  For  if  we  fuppofe  the  eye 
A  B,  fig.  6,  turns  to  an  objeft;  when  the 
irides  are  unequal  in  their  diameter,  and 
fixes  upon  the  obje61  C,  does  it  not  follow 
that  the  obje£l  painted  on  the  retina  of  the 
eye  B,  mult  bear  a  different  proportion  to 
that  which  is  delineated  on  the  retina  of 
the  eye  A?  For  the  rays  of  light,  however 
changed  by  intervening  bodies,  do  always 
purfue  their  re£lilinear  dire6lions,  and  con- 
fequently  ought  to  form  a  much  larger  angle 
on  the  retina  B,  than  A,  on  account  of  the 
increafed  diameter  of  the  iris.  If  the 
painting  of  the  object  on  the  retina,  as  it 
ought  to  do,  depends  on  the  proportion’d 
apertures  of  the  iris,  then,  when  this 
aperture  is  larger,  the  delineation  of  the 
ohje6!  ought  in  courfe  to  be  increafed.  I 
know  by  experience,  that  the  aperture  of 
the  camera  obfcura  changes  the  tranfparency 
and  proportion  of  the  obje6ts  on  the  wall 
of  the  room.  Now  if  the  foul  judges  not 
by  this  painting,  but  by  the  manner  in 
which  the  eye  is  affe£ted,  ought  fhe  not  to 
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find  the  eye  affeded  in  a  peculiar  degree  by 

the  exterifion  of  theimpulfe? 

\ 

The  many  doubts  which  crouded  on  me 
at  prefent,  concerning  the  neceffity  for  a  de- 

'  i  , 

lineation  of  the  objeds  on  the  retina,  and 
their  inverfion,  made  me  have  recourfe 
again  to  the  camera  obfcura.  I  prepared 
the  eye  of  an  ox,  recently  taken  from  the 
animal,  by  differing  the  membrane,  fo  as 
to  lay  the  vitreous  humor  perfedly  expofed, 
I  then  applied  it  to  the  hole  made  in  the  win- 
dow-fhutter  of  the  camera  obfcura,  and  I 
found  accordirig  to  the  Cartefian  experi¬ 
ments  that  the  objeds  appeared  manifeflly 

in  an  inverted  fituation.  Taking  away  the 

%  ■ 

eye  from  before  the  opening,  I  applied  in 
the  place  of  it  a  convex  lens,  and  I  had  the 
fatisfadion  to  find  the  fame  inverfion  of  the 
object.  A  glafs  globe,  nearly  of  the  fame 
diameter  as  the  eye,  prefented  the  fame  phae~ 
nomena.  A  lens,  concave  on  one  fide  repre- 
fented  the  objeds  in  their  ered  fituation. 

Here 
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Here  it  is  evident  that  the  rays  of  light  fuf- 
fer  by  the  influence  of  the  intervening  me¬ 
dium.  The  convex  lens  and  a  glafs  globe 
offer  the  fame  phaenomena  as  the  eye,  which 
in  this  experiment  feems  to  a6t  on  the  rays 
of  light  by  decuffating  them,  juft  as  the 
folid  bodies  above  mentioned.  It  is  evident 
beyond  a  doubt,  that  the  rays  of  light  do 
not  decuffate  within  the  lens  or  the  globe, 
but  that  thefe  bodies  attra&ing  the  rays  of 
light  unite  them  all  into  a  focal  point.  The 
intervening  medium  lofing  its  force  foon 
after,  the  rays  of  light  by  their  own  elaf- 
ticity  purfue  their  right  line  till  they  efcape 
from  the  interruption  caufed  in  their  courfe, 
and  continue  in  their  ufual  progreffion.  Why 
then  are  we  to  fuppofe  that  the  eye  has  in  this 
cafe  the  power  to  decuffate  the  rays  within 

■m 

the  vitreous  humor,  more  than  in  the  other 
tranfparent  bodies  ?  By  every  experiment  I 
could  make,  the  eye,  in  this  cafe,  is  in  every 
refpeft  to  be  compared  to  the  other  tranf¬ 
parent  bodies,  nor  do  the  rays  of  light 
palling  through  the  vitreous  and  other 
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humors  of  the  eyes,  deculfate  within  the 
eye,  but  only  when  they  have  palled  the 
focal  point,  which  is  always  beyond  the 
fubftance  of  the  medium.  The  rays  of 
light  paffing  thro’  mediums  whofe  furfaces 
are  even,  are  not  altered  in  their  courfe, 
but  when  tbefe  rays  pafs  thro*  fpherical  or 
convex  bodies,  they  unite  into  a  focus,  and 
paint  the  objeft  in  an  inverted  fituation* 
But  it  is  certain  alfo,  that  the  appearance  in 
the  lituation  of  the  obje£l:,  thro'  convex 
glades,  depends  on  the  manner  in  which  the 
fpe&ator’s  eye  fees  them.  The  greatefl  cer¬ 
tainty  in  the  vifual  laws  mull:  be  drawn  from 
the  manner  in  which  the  eye  is  alFe&ed.5 
It  is  obvious  when  we  look  at  any  objedf 
with  a  naked  eye,  that  we  fee  it  in  an  ere6I 
and  natural  manner,  as  it  is  equally  certain 
if  we  oppofe  a  convex  lens  as  a  medium  be¬ 
tween  the  eye  and  the  obje£t,  we  lhall  then 
fee  the  fame  object  in  an  inverted  fituation, 
provided  the  rays  of  light  unite  in  the  focal 
diltance  before  they  reach  the  eye.  For 

that 
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that  the  eye  may  be  affefled  in  two  diffe¬ 
rent  extremes,  by  looking  thro'  a  convex 
lens,  will  appear  from  the  following  ex¬ 
periment. 

If  the  objefl  A  B,  fig.  7,  fhould  be  feen 
through  a  convex  lens  CD,  by  a  fpe£lator's 
eye  at  the  diflance  F,  it  will  appear  in  its 
natural  fituation,  for  the  rays  of  light  not 
having  yet  reached  the  focal  diflance,  are 
attra6led  by  the  eye  F,  and  feen  fomething 
magnified  under  the  angle  F  M  N.  But 
when  the  rays  of  light  have  penetrated  be¬ 
yond  the  focal  diflance  of  the  lens,  at  G, 
the  fpeflator  regarding  the  fame  obje6f  at 
the  diflance  K  L,  mufl  fee  it  in  an  inverted 
fituation. 

This  experiment  affords  the  mofl  fatif- 
fa6lory  determination  that  can  perhaps  be 
produced,  of  the  judgment  of  the  foul,  and 
the  manner  in  which  the  eye  is  affe61ed  by 
external  agents.  And  it  mufl  appear  as 
evident  to  every  obferver  alfo,  that  the  eye. 


/ 


*; 


I 


[  49  ] 


and  the  optic  nerve  do  determine  nothing 
of  themfelves,  but  receive  the  impulfe  of 
the  rays  of  light  in  whatever  manner  they 
are  direCted.  As  a  farther  confirmation  of 
this  experiment,  and  in  order  to  determine 
the  true  caufe  of  the  different  affections  of 
the  eye  by  the  above  experiment  I  placed 
a  large  dog  on  the  feat  of  the  window,  but 
in  fuch  a  pofition  that  the  fubjeCts  of  the  fur¬ 
rounding  landfcape  were  clearly  delineated 
on  the  tranfparent  cornea.  I  then  took  a 
convex  lens,  which  I  held  before  his  eyes,  at 
fuch  a  diftance  that  the  rays  of  light  palling 
through  the  body  of  the  lens  might  {trike  on 
the  cornea.  I  had  the  fatisfa&ion  to 
find  I  was  not  deceived  in  my  conjectures. 
For  the  objeCts  prefented  themfelves  hrft  in 
an  ereCl  pofition  when  the  lens  was  held  at 
a  fmall  diftance  from  his  eyes,  and  after- 

i 

wards  in  an  inverted  one,  when  the  lens 
was  held  fo  far  from  him,  that  the  rays  di¬ 
verging  from  the  focal  diftance,  ftruck  on 
the  membrane  :  I  found  alfo,  that  I  could 

G 


vary 


4 


C  5°  ] 

vary  the  fituation  of  the  objedi  on  the  eye, 

as  I  pleafed,  either  by  the  approaching  or 

/  * 

removing  of  the  lens.  It  is  necelfary  alfo  to 

* 

remark,  that  the  animal  gave  fome  figns  of  a 
fenlibility  in  one  pofition  of  the  objedl  more 
than  another,  for  I  obferv’d  that  he  always 
retreated  fuddenly,  when  the  union  of  the 
rays  in  the  focal  point  llimulated  his  eye. 
To  afcertain  as  much  as  poffible  the  validity 
of  this  experiment,  I  attempted  it  on  the 
eye  of  a  friend,  to  whom  I  communicated 
my  thoughts,  and  anxious  for  the  refult  of 
the  experiment,  confented  to  my  requelf. 
Placing  himfelf  in  a  chair,  I  obferved  the 
delineations  of  the  external  objedls  on  the 
tranfparent  cornea,  and  on  applying  the 
convex  lens,  I  faw  its  image  on  his  eye, 
with  the  objedls  reprefented  within  its  circle 
in  their  true  fituation;  I  afk’d  him  in  what 
manner  he  then  faw  the  objedls  through  the 
lens,  he  anfwered  upright.  Removing  the 
lens  farther,  till  the  focal  point  affedled  the 
membrane,  I  afked  him  the  fame  quellion, 
and  he  replied  that  he  could  diflinguifh  no 
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particular  obje6l,  but  only  a  confab  on  of 
colors.  Removing  again  beyond  the  focal 
diflance,  I  faw  the  inverted  icon  of  the  ob¬ 
ject  on  the  membrane,  and  afking  him  in  what 
manner  he  faw  the  obje£ts  through  the  lens, 
he  anfwered,  inverted.  Could  I  poffibly 
have  a  ftronger  proof  that  the  vifual  faculty 
of  this  organ,  required  no  other  reprefent- 
ations  of  objedts  than  thofe  which  were  paint¬ 
ed  on  the  tranfparent  cornea,  to  compleat 
the  fenfe  of  feeing  ? — A  circum (lance  much 
more  eligible  as  correfponding  with  that 
natural  elegance  and  bmplicity  which  nature 
every  where  affe6ts. 

i\  *  s' 

As  I  have  always  endeavored  in  my  pur- 
fuits  on  this  fubje6l,  to  conbrm  as  much  as 
polhble  every  experiment  by  obfervation, 
and  where  occabon  offer’d  to  conbrm  my 
obfervations  by  experiments,  according  to 
thofe  rules  which  Sir  Ifaac  Newton  has  left 
us  in  the  Analybs  and  Synthebs.  It  remains 
at  prefent  only  (to  bnifh  what  I  have  faid  on 
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the  inverfion  of  objefts  on  the  eye)  to  com¬ 
pare  the  fyflem  of  Kepler  and  Cartefiur  with 
my  own  obiervations  in  this  laft  experiment. 

It  is  the  beautiful  reprefentation  of  the 
objects  on  the  retina,  fays  Defcartes,  that 
gives  us  the  idea  of  colors  and  the  fituation 
of  obje£ts  in  nature,  for,  fays  he,  thefe  ob~ 
je6ts  are  manifeftly  painted  on  the  retina, 
and  that  not  erefl,  but  inverted,  as  the  laws 
of  optics  require.  But  we  find  in  this  cafe, 
that  the  eye  does  not  fee  the  obje&s  inverted 
but  ere6I,  and  the  reafon  is  given  in  his  fixth 
chapter  of  Dioptrics  as  follows.  “  Notitid 
illius  ex  nulla  imagine  pendet,  nec  ex  ulla  atiione 
ab  objeclis  veniente ,  fed  ex  folo  Jitu  exiguarum 
partium  cenbri)  e  quibus  nervi  expullulant.” — . 
Mr.  Molyneaux  in  his  Dioptrics  fays, 
That  the  eye  is  the  organ  or  the  inflru- 
ment  only,  and  that  it  is  the  foul  that 
fees  by  means  of  the  eye.  To  enquire 
then  how  the  foul  fees  the  objeft  ere 61  by 
an  inverted  image,  would  be  to  enquire 
into  the  foul’s  faculties. 
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But  without  enquiring  into  the  foul's  fa¬ 
culties,  let  us  confider  it  as  an  evident  truth 
only,  that  the  icon  of  all  objects  is  painted 
on  the  tranfparent  cornea,  in  their  natural 
ereCt  polition.  Cartefius  and  Kepler,  as 

t 

likewife  all  their  feCtators,  fay,  that  all  ob¬ 
jects  mull  be  painted  on  the  retina  and 
alfo  in  an  inverted  fituation,  or  elfe  we  can 
form  no  idea  of  the  form,  figure  and  fhades 
of  external  objeCts.  The  Keplerians  do  not 
themfelves  deny  an  ereCt  fituation  of  the 
objeCts  on  the  cornea,  but  fuppofe  there 
mud  always  be  a  painting  on  the  retina,  op- 
pofed  to  that  which  is  delineated  on  the 
cornea.  So  much  granted,  let  us  fuppofe 
the  arrow  A  B,  fig.  8.  relieving  various 
rays  of  light  from  its  furface,  which  are  col¬ 
lected  by  the  convex  lens  CD.  On  being 
/ 

removed  at  the  appropriated  di (lance  from 
the  fpe&ator’s  eye,  the  diverging  rays  repre- 
fent  the  ohjeCt  A  B,  in  the  inverted  fitu¬ 
ation  E  F,  on  the  cornea.  The  fame  rays, 
according  to  the  Keplerian  fyftern,  ought  to 


I 


[  54  ] 


be  refradted  by  the  aqueous  humor,  which 
has  that  property,  as  being  denfer  than  the 
ambient  air.  And  according  to  the  laws  of 
refradtions  as  before  mentioned,  the  rays  of 
light  when  paffing  from  a  denfe  into  a  rarer 
medium,  recede  from  the  perpendicular  in  a 
contrary  fenfe.  The  rays  of  light  then,  hav¬ 
ing  paffed  the  aqueous  humor,  enter  into  a 
denfer  medium  in  the  cryftalline,  and  ap¬ 
proach  by  the  fame  rules  flill  nearer  to  the 
central  line,  becoming  more  refradted:  from 
thence  paffing  into  the  vitreous  humor,  the 
medium  of  which  is  rarer  than  the  cryflal- 
line,  the  rays  of  light  receding  from  the 
perpendicular,  paint  the  objedt  on  the  retina 
in  the  inverted  htuation  to  that  objedt  on  the 
cornea,  and  in  the  fituation  H  G,  as 
perfedtly  correfponding  with  its  natural  po¬ 
ll  t  ion  at  A  B.  But  it  is  a  certain  and 
invariable  truth,  that  if  we  look  at  any  ob¬ 
ject  through  the  medium  of  a  convex  lens, 
we  muff  fee  it  inverted,  and  oppofed  to  its 
natural  fituation.  The  reafon  is  evident 
The  rays  of  light  which  would  otherwife  be 
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refle&ed  from  the  objedl  in  right  lines  to  th& 
eye,  are  changed  in  their  diredlion  by  the 
'  interpofition  of  the  lens,  fo  that  the  fpec~ 
tator's  eye  looking  back  at  the  objedl  by  the 
means  of  the  diverging  rays,  cannot  avoid 
feeing  the  objedt  in  the  pofition  E  F,  as  it 
paints  itfelf  on  the  cornea,  nor  can  he  eveir 
fee  the  object  A  B,  in  the  direction  H  G« 
This  is  without  doubt  the  moll  eligible  rea- 
fon  that  can  be  given  why  we  fee  the  objedls 
inverted  on  the  retina  of  the  eye  fixed  to  the 
hole  of  the  camera  obfcura.  The  rays  of 
light  are  attradled  to  a  focal  point,  as  they 
are  by  the  lens  C  D,  and  this  is  evident  by 
the  proof  of  the  feventh  experiment,  for  if 
the  eye  of  the  fpedlator  be  applied  clofe  to 
the  eye  in  the  camera  obfcura,  he  will  fee 
the  objedls  in  their  natural  pofition,  and  in 
an  inverted  one  when  beyond  the  focal  dis¬ 
tance.  For  the  fadl  is,  that  the  pofition  of 
the  objedl,  as  to  its  natural  fituation,  is 
changed  by  the  intervening  medium.  Nei¬ 
ther  can  I  allow  that  the  icon  of  the  objedls 
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is  inverted  on  the  retina  of  the  eye.  For 
it  is  certain,  that  obje&s  are  not  inverted 
within  the  fubftance  of  a  convex  lens,  as 
may  be  proved  from  feveral  reafons. 

ift.  From  the  diaphenity  of  its  fubftance, 
Which,  according  to  the  Cartefians,  is  owing 
to  the  re£iitude  and  ftraigbtiiefs  of  its  pores. 
For  as  the  rays  of  light  always  proceed  for¬ 
ward  in  ftraight  lines,  they  can  only  pafs 
freely  and  unaltered  through  thofe  bodies 
whofe  pores  are  in  fuch  a  dire&lon,  and  this 
will  appear  more  manifeft  if  we  confider 
that  the  opacity  of  all  fubftances  are  pro¬ 
portioned  to  the  variation  in  the  dire&ion 
of  their  pores,  or  the  compa6tnefs  of  the 
fubftance.  For  inftance,  the  rays  of  light 
will  pafs  unaltered  through  limpid  fountain 
waters,  but  throw  into  the  fluid  a  fmall 
quantity  of  the  powder  of  galls,  and  the 
Water  will  lofe  its  tranfparency,  and  become 
lefs  capable  of  the  admiftion  of  the  rays  of 
light,  for  each  particle  of  the  galls  which 
floats  within  the  bofom  of  the  fluid,  inter- 


/ 


i 


[  57  3 


cept  different  rays  of  light,  and  make  them 
either  change  their  diredlion  or  recede  back 
again.  Throw  again  as  much  more  of  the 
powder  of  galls  into  the  fluid  as  will  render  it 
opake,  and  you  interrupt  by  that  mean's  fo 
much  of  the  light,  that  the  body  becomes 
impenetrable  to  the  rays. 

2.  That  the  fuperficial  forms  of  mediums 
affeft  the  rays  of  light.  The  ravs  of  light- 
do  continually  move  by  the  progreffion  of 
right  lines,  without  ever  changing  this  di~ 
region,  for  fliould  they  be  intercepted  by 
any  opake  body,  they  recede  back  again  in 
a  right  line,  forming  only  an  angle,  which 
is  calfld  the  angle  of  reflexion.  When  the 
rays  of  light  are  only  altered  in  their  courfe, 
by  the  different  denfities  of  tranfparent 
mediums,  they  then  change  their  firlb  pro¬ 
greffion  only  to  form  an  angle  which  is 
call'd  the  angle  of  refradlion.  But  although 
the  different  mediums  are  diredlors  of  the 
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rays  of  light,  and  may  alter  their  primitives 
re£tilinear  direction,  and  make  them  change 
their  ufual  courfe,  yet  no  intervening  me¬ 
dium  can  ever  make  a  ray  of  light  move 
in  a  circular  direction.  But  the  fuper- 
ficial  form  of  all  mediums  has  fo  much 
influence  on  the  progreffion  of  the  rays  of 
light,  that  we  can  vary  their  courfe  as  we 
pleafe.  For  if  I  apply  to  my  eye  a  tranfpa-  * 
rent  cube,  or  a  common  piece  of  glafs, 
whole  fuperficial  furfaces  are  planes,  the 
rays  of  light  willpafs  through  them  unalter¬ 
ed,  and  iliew  me  the  object  in  its  natural 
direction.  But  if  I  make  ufe  of  a  convex 
lens  or  a  glafs  globe,  the  rays  of  light  will 
then,  by  linking  on  their  peripheries,  pro¬ 
ceed  in  refracted  lines  to  the  common  place 
of  their  union,  which  is  called  the  focal 
point,  from  whence  they  will  diverge  until 
they  efcape  the  influence  of  the  medium 
which  changed  their  courfe,  and  will  pro¬ 
ceed  again  in  their  ufual  dire6iion  in- 

O 
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3‘  ^  is  impodible  that  the  inverfion  of 
the  object  fliould  take  place  within  the  fub- 
ifance  of  the  lens,  fince  it  would  not  only 
be  impoflible  that  the  rays  of  light  could 
change  their  direction  within  a  medium 
whofe  reiilfance  could  never  be  overcome 
by  fo  feeble  an  agent  as  light,  and  more¬ 
over,  the  rays  muff  always  proceed  in  the 
fame  refradted  direction,  became  of  the  uni¬ 
form  denhty  of  the  medium. 

4thly.  As  the  rays  of  light  pafs  through 
a  tranfparent  cube,  or  a  common  piece  of 
window  glafs,  uninterrupted,  and  without 
any  vifible  alteration  by  the  fubftance,  it 
follows  that  the  petition  of  any  objefl  re¬ 
lieved  by  the  rays  fent  from  off  its  iurface, 
undergoes  no  change  although  the  rays 
have  penetrated  any  diaphane  cube,  for  the 
object  is  continually  feen  in  its  primitive  di- 
redtion.  The  rays  of  light  move  on,  there¬ 
fore,  in  their  uninterrupted  courfe,  if  op- 
pofed  only  by  tranfparent  bodies,  whofe 
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furfaces  are  even  and  fides  parallel  to  each 
other. 

5thly.  But  we  are  to  remark,  that  thefe 
direftions  in  the  rays  of  light  do  never 
alter  of  themfelves,  they  are  conflant  and 
immutable;  it  is  therefore  the  form  or  po- 
lition  of  certain  objedts  alone,  which  vary 
their  courfe.  We  are  not,  therefore,  per¬ 
mitted  to  alfert,  that  the  rays  of  light  have 
changed  their  dire&ion,  but  we  are  to  de- 
fcribe  the  manner  in  which  certain  inter¬ 
vening  bodies  have  altered  their  uniform 
progrefsc 

If  the  rays  of  light  pafs  through  a  lens, 
one  of  whofe  hdes  is  a  plane  and  the  other  a 
curve,  they  will  receive  no  different  modifi¬ 
cations  by  the  a&ion  of  the  medium.  For  in 
this  cafe  the  rays  are  made  to  converge  from 
their  ufual  courfe,  by  the  curvilinear  form  of 
the  medium,  which  difperfes  the  rays  of  light 
as  they  efcape,  the  obje£l  will,  however, 
appear  in  its  ufual  pofition,  by  the  means 
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of  thofe  parallel  rays  which  are  connefled 
with  the  center  of  the  medium,  and  which 
are  not  fubjedted  to  fo  great  a  degree  of  iu 
adtion. 

6thly.  But  there  are  mediums,  whole 
a&ion  on  the  rays  of  light  are  fo  powerful, 
that  they  change  the  courfe  of  their  direc¬ 
tion  entirely,  and  alter  the  natural  pofitkm 
of  the  objects.  Of  this  kind  are  all  globular 
diaphane  bodies,  or  any  fpherical  or  convex 
lens,  whofe  Tides  are  the  part  of  fome  feg- 
ment  of  a  circle,  or  its  periphery0  This 
is  the  mod  uncommon  and  furprizing  phe¬ 
nomenon  of  the  whole  fydem  of  optics. 
Its  theory  is  the  mod  difficult  to  explain, 
for  which  reafon  we  diall  endeavor  to  eluci¬ 
date  it  in  the  mod  probable  manner,  and 
reduce  it  to  certainty. — W e  beg  leave  to  call 
to  mind  the  invariable  dire£!ion  of  the  rays 
of  light  to  a  condant  re&ilinear  progreffion, 
and  the  poffibility  of  their  being  diverted 
from  that  courfe  by  the  power  of  certain 

inter- 
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intervening  mediums.  If  therefore  a  cone 
of  certain  rays  of  light  is  reflected  from  the 
furface  of  an  objefl  as  at  A  B,  fig.  p  they 
move  on  in  that  reftilinear  direflion  fo  long 
as  the  objeft  remains  vifible  to  the  eye  of  a 
fpe&ator,  after  which  they  rejoin  the  primi¬ 
tive  current  of  light  patfing  over  our  globe, 
to  follow  the  general  influence  of  the  pro- 
grefs  of  its  rays.  For  we  are  fir  ft  to  con- 
fider,  that  the  luminous  particles  which 
conftantly  emane  from  the  fun,  pafs  over 
the  globe  in  continued  right  lines,  as  alfo 
that  feme  of  them  are  intercepted  by  the 
various  objeefs  difperfed  upon  its  furface, 
and  become  either  abforbed  or  reft e6Ied,  by 
which  means  objeffs  are  rendered  vifible  to 
our  fenfes.  The  reafon  whereof  is,  accord¬ 
ing  to  Sir  Ifaac  Newton,  That  the  rays  of 
light  which  ifiue  from  a  point  of  the  objeff 
at  N,  are,  by  the  axis  of  the  glafs  crofting 
the  objeff,  fo  refra&ed  as  to  meet  again 
about  the  point  Q.  And  the  rays  which 
diverge  from  the  point  A  of  the  objefl,  muff 
meet  again  at  almofl  the  fame  diftance  from 
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the  glafs,  but  on  the  other  fide  of  the  axis, 
in  the  point  M  •  for,  fays  he,  the  rays  at 
the  glafs  crofs  the  axis. — -In  like  manner, 
the  rays  which  proceed  from  the  point  B, 
will  meet  about  L  on  the  other  fide  of  the 
axis. — But  none  of  the  rays,  neither  thofe 
which  proceed  from  the  point  N  in  the  axis, 
nor  thofe  which  ilfue  from  A  or  B,  will 
meet  again  exaflly  in  one  point;  but  in  one 
place,  as  I  here  fuppofed  at  O,  M  and  L, 
they  will  be  crouded  fo  clofe  together,  as  to 
make  a  diilinff  image  of  the  objefl  upon  any 
body  proper  to  refle6l  it,  which  fhall  be 
held  there. — The  rays  of  light  which  ihould 
continue  their  courfe  from  A  to  L  and  from 
B  to  M  immutably,  being  intercepted  by 
the  medium  C  D,  become  fubjecf  to  its 
aftion.  The  fpherical  furface,  by  the  pe¬ 
culiar  influence  on  the  rays  of  light,  colle£l 
them  more  abundantly,  and  attra6f  them 
with  fuch  force,  that  they  are  conftrained 
to  unite,  by  their  continued  progreffion, 
into  a  fmall  point  at  G,  which  is  called  the 

focal 
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focal  point.  It  is  in  this  point  that  the 
force  of  the  medium  has  exerted  its  greateft 
aflion,  and  beyond  which  it  has  no  longer 
any  power  of  the  rays  of  light,  for  by  their 
own  elafiicity  they  continue  to  diverge,  by 
an  oppofed  and  contrary  influence,  to  that 
which  collected  it  to  the  focus  G,  and  un¬ 
ravel  themfelves  till  they  arrive  at  the  points 
L  and  M,  where  they  are  fet  free,  and  move 
on  again  in  their  primitive  direftion.  But 
we  are  to  obferve,  that  the  a6fion  of  the  me¬ 
dium  C  D,  has  fo  greatly  alter’d  the  pofition 
of  the  objeff,  that  the  arrow  A  B,  is  inverted 
at  H  K,  and  appears  in  a  contrary  fituation 
to  what  it  really  is  in  nature.  To  account 
for  fuch  phenomenon  we  are  to  obferve, 
that  the  rays  departing  from  the  point  A, 
ftrongly  attraffed  by  the  force  of  the  lens 
CD,  and  following  the  rectilinear  progreffion 
from  which  they  can  never  vary,  are  con¬ 
tinued  on  to  G  and  from  thence  to  K.  The 
rays  departing  from  the  points  B,  are  by 
the  fame  influence  attraffed  to  the  point  G, 
and  from  thence  to  H,  by  which  it  happens 


i 


I 


[  65  ]  • 

•  , 

that  the  rays  of  light  colle&ed  from  the  top 
of  the  objeQ:  A,  become  the  lower  ones  of 
the  point  K ,  as  thofe  of  B  are  the  fuperior 
ones  at  H.  For  this  veafon  when  the  rays 
efcape  the  influence  of  the  medium,  and  ex¬ 
pand  themfelves,  they  reprefent  the  objects 
inverted  as  at  H  K.  What  is  moft  material 
to  obferve  relative  to  this  circumffance  is, 
that  the  inverfion  of  any  objeft,  cannot 
poffibly  happen  in  optics,  unlefs  the  rays 
have  previoufly  converged  to  a  focal  point, 
by  the  influence  of  a  medium. 

ythly.  We  fhall  endeavor  to  explain,  (in 
a  clearer  manner)  and  to  fhew  the  true  rea- 
fon  why  globular,  fpherical,  or  curvilinear 
tranfparent  mediums,  have  the  peculiar  pro¬ 
perty  of  colledling  the  rays  of  light  into  a 

focal  point. — -This  circumflance  depends  on 

>  ' 

that  general  proportion  which  all  circles 
bear  with  refpedl  to  each  other.  For  altho* 
their  diameters  may  vary  in  any  degree 
whatever,  yet  the  circumference  of  the 
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fmallefl  is  as  capable  of  being  divided  into 
360  degrees  as  the  largefl  circle  ever  form’d. 
So  that  rays  of  light  paffing  through  circles 
of  any  magnitude  whatever,  and  traverfing 
them  at  right  angles,  mail  divide  them  into  90 
degrees  each.  To  render  it  more  intelligible 
let  us  fuppofe  the  circle  A  B  C  D,  fig.  10, 
reprefenting  the  vifible  horizon,  as  it  ap¬ 
pears  to  the  eye  of  every  individual,  let 
E  F  G  H,  reprefent  a  glafs  globe  placed  ex- 
a6tly  in  the  centre  of  the  greater  circle, 
having  right  lines  feparating  both  the  one 
and  the  other  into  angles  of  90  degrees. 
Now  if  we  fuppofe  K  reprefented  a  ray  of 
light  paffing  over  the  furface  of  the  appa¬ 
rent  horizon,  it  would  follow  the  ufual 
courfe  mark’d  by  the  line  K  L,  when  unin¬ 
terrupted  by  the  power  of  a  medium",  ac¬ 
cording  to  what  has  been  already  a  Her  ted. 
But  we  are  to  confider  the  rays  of  light  as 
paffing  thro’  the  fubftance  of  mediums. 
Suppofing,  therefore,  an  alTemblage  of  rays 
departing  from  the  object  M  N,  were  expof- 
ed  to  the  attractive  influence  of  the  medium 
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H  EFG,  it  would  follow  (as  every 
portion  of  the  larger  circle  A  B  C  D,  is  re- 
prefented  in  the  final! er  one  E  FCnd)  that 
any  cone  of  rays  departing  from  the  objeCt 
M  N,  would  occupy  a  fpace  equal  to  ten 
degrees  on  the  fmaller  circle,  or  on  the 
furface  of  the  globular  medium  E  F  G  II, 
o  as  to  occafion  a  conliderable  contraction 
and  diminution  in  the  fpace  to  'which  the 
cone  of  ravs  extended  at  M  N,  and  at 

1 

OP.  For  it  is  not  poffible  that  the  rays  of 
light  can  diverge  at  prefent,  becaufe  they 
are  fo  forcibly  enchained  by  the  power  of 
the  medium,  befides  they  are  on  the  point 
of  entering  into  its  fubltance,  where  the  at¬ 
traction  becomes  increafed  by  the  refraCtive 
powers  of  a  denfer  medium  than  the  air, 
confequently  the  cone  of  rays  M  N  O  P3 
are  continually  and  forcibly  drawn  together, 
till  no  longer  capable  of  contraction,  they 
unite  into  the  fmallefl  point  poffible,  which 
is  the  focal  point  R.  The  power  of  the 
medium  having  now  exerted  all  its  influence, 

I  2  _  the 
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the  rays  of  light  expand  by  the  property  of 
that  elaftic  force  which  they  conflantly  pre- 
ferve,  a;, I  unfolding  themfelves  diverge  to 
the  fpace  of  ten  degrees  on  the  larger  circle, 
from  whence  they  purlue  their  primitive 
reftilinear  courfe.  The  variation  in  the 
difpofition  of  the  ob]e6t  M  N,  at  Q  R,  is 
the  abfolute  confequence  of  that  change 
which  the  cone  of  rays  have  fuffer’d  by  the 
attraftive  force  of  tlie  fperical  tranlparent 
medium  E  F  G  H,  for  we  may  obferve  that 
no  fuch  change  could  happen  in  the  polition 
of  the  obje6t  if  they  were  continued  on 
without  any  interruption  as  at  K  L.  It  is 
likewife  very  elfential  to  our  defign  to  re¬ 
mark  again,  that  this  inverlion  in  the  po¬ 
lition  of  the  obje6I  cannot  poffibly  take 
place,  or  the  rays  of  light  diverge  if  they  have 
not  previoujly  been  collected  into  a  focal  point . 

8thly.  Now  the  true  diltance  of  the  focal 
point  from  any  medium,  is  not  to  be  de¬ 
termined  by  a  general  charaGer,  for  it  is 
found  to  vary  according  to  the  form  or 
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diameter  of  the  medium.  In  globular  bodies 
it  is  generally  proportioned  to  their  diame¬ 
ter.  In  convex  lenfes  it  depends  on  the 
proportions  which  their  curves  bear  with 
refpe£I  to  each  other,  or  the  radii  of  their 
different  fegments,  that  is  to  fay,  the  peri¬ 
pheries  of  the  circles,  of  which  their  curvi- 
linear  hides  are  a  part. 

vf.  9thly.  It  is  a  circumflance  of  great  mo¬ 
ment  to  our  general  delign,  to  know  that  as 
the  focal  point  is  ever  beyond  the  agent,  fo 
the  decuffation  of  the  rays  of  lightcannever 
happen  within  the  body  of  the  medium. 
For  we  have  already  remark’d  in  the  fixth 
propolition,  that  the  rays  of  light  cannot 
diverge  till  they  have  paffed  the  focal  dif~ 
tance.  Now  the  focal  point  is  always  with¬ 
out  the  medium,  confequently  the  rays  of 
light  muff  always  decuffate  without  the  body 
of  the  medium  alfo.  Befides,  it  is  not  poffi- 
ble  that  the  rays  of  light  attradled  or  re- 
fle£|ed  by  the  power  of  different  agents,  can 

ever 
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ever  exert  a  force  fufficient  to  to  make  them 
decuffate  in  any  medium  denfer  than  the 
ambient  air.  For  they  are  enchained  by 
the  force  of  the  agent  which  governs  them, 
and  can  never  ad  of  themfelves  till  the  me¬ 
dium  has  fpent  all  its  force  on  them,  and 
when  they  do  diverge,  it  is  only  in  confe- 
quence  of  their  natural  elaflicity  by  which 
they  expand  :  a  force  indeed  too  weak  to 
oppofe  the  refradive  powers  of  a  -denfer 
medium  than  their  natural  element  the  air, 

lothly.  By  the  aid  of  different  mediums, 
and  their  known  adion  on  the  rays  of  light, 
we  are  capable  of  difpoling  of  the  pofition  of 
objeds  as  we  pleafe.  For  example,  If  I 
would  invert  the  pofition  of  the  objed  A  B, 
fig.  11.  I  make  the  rays  which  are  refleded 
from  its  furface  to  pafs  through  the  convex 
lens  C  D,  and  I  find  after  they  are  colleded 
in  the  focal  point  E,  that  the  pofition  of 
the  objed  becomes  inverted  as  at  F  G. 
Now  if  I  would  reflore  the  objed  to  its 
natural  pofition,  I  colled  the  rays  of  light  a 
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fecond  time  through  another  convex  lens  HIa 
and  I  find  again  when  the  obje6l  has  paffed 
the  focal  diftance  of  the  fecond  lens,  that 
it  is  feen  in  its  true  pofition  A  B  at  K  L, 
But  we  are  to  obferve  a  (mall  difference  in 
the  firfl  and  fecond  attra£lion,  for  the  fir  ft 
will  throw  the  obje6l  in  very  beautiful  colors 
on  paper,  in  its  inverted  fituation,  but  we 
cannot  colle£i  the  image  of  the  fecond  in  its 
ere6l  pofition  on  the  fame  paper ;  it  will 
however  appear  in  its  true  and  natural  fitu¬ 
ation  to  the  eye  of  a  fpe£lator  placed  at  O  P» 
It  appears  evident  therefore  that  we  can  difpofe 
of  the  rays  of  light  as  we  pleafe _  by  the  aid  of 
different  mediums  through  which  we  colldl  them 9 
or  by  which  we  refebl  them  back . 

nthly.  The  manner  in  which  the  eye  i$ 
affefled  when  examining  obje£ls  through  a 
convex  lens,  is  another  proof  of  the  focal 
point  being  abfolutely  detached  from  the 
fub fiance  of  the  medium,  as  alfo  that  the 
iriverfion  of  the  obje£l  never  takes  place  till 

the 
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the  rays  of  light  have  united  in  the  focal 
point,  by  the  atlive  powers  of  the  medium* 
We  fuppofe  the  objeQ;  A  B,  fig.  12, 
colle&ed  as  in  the  foregoing  experiment 
hy  the  fubftance  of  the  convex  lens  C  D, 
united  in  a  focal  point  at  E,  and  inverted 
in  its  pofition  as  at  F  G.  To  the  eye 
of  a  fpe&ator  placed  in  H,  the  object 
A  B,  will  appear  inverted  as  at  E  G, 
becaufe  he  fees  it  when  beyond  the  focal 
point  at  E,  but  was  the  fpeftator  to  place  his 
eye  at  P  before  the  union  of  the  rays  in  the 
focal  point  E,  he  would  fee  the  obje£t  in  its 
true  fituation  A  B,  though  confiderably 
magnified,  becaufe  he  fees  it  under  a  much 
greater  angle  as  P  Q  R,  and  if  he  placed  his 
eye  in  the  focal  point,  he  would  obferve  a 
confufion  of  light  without  being  able  to  dif- 
tinguifh  the  traces  of  any  obje£E  We  are 
to  obferve  in  this  experiment,  that  the  eye 
is  affefted  in  three  different  manners :  it  fees 
the  objeffs  firft,  in  its  true  pofition  A  B, 
when  placed  at  P;  it  fees  a  confufion  of  light 
without  remarking  the  obje61,  when  placed 
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at  E;  and  inverted  in  the  third  pofition, 
when  feen  beyond  the  union  of  the  rays  in 
the  focal  point  E. 

I2thly.  It  feems  to  me  that  the  perfeft 
appearance  of  any  inverlion  of  the  objeffs 
on  the  vitreous  humor,  or  the  proximity  of 
the  focal  point  to  the  body  of  the  medium, 
can  depend  on  no  other  caufe  than  thofe  I 
have  mentioned,  I  was  induced  therefore  to 
make  the  following  experiment.  To  the 
hole  of  the  camera  obfcura  ABCD,  (fig.  13} 
at  F  G,  I  applied  a  convex  lens  H  I,  and 
then  found  the  focal  diftance  of  the  objeff  to 
be  as  marked  in  the  fir  ft  focus.  When  I 
applied  a  fecond  lens  at  K  L,  the  focal  point 
was  fomething  nearer  to  the  medium,  as 
marked  in  the  fecond  focus.  The  applica- 
tion  of  the  third  convex  lens  brought  the 
focal  point  fo  near  the  body  of  the  medium, 
that  the  inverted  icon  of  the  objeft  was 
reprefented  in  the  moft  lively  manner  poflb* 

K  ble 
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He  on  a  piece  of  white  paper,  juft  the  fame 
as  appeared  on  the  vitreous  humor  of  the 
eye  of  the  ox,  according  to  Mr.  Kepler's 
experiment,  and  as  mark’d  in  the  third  focus 
of  the  figure.  It  muft  be  manifeft  to  every 
obferver,  that  there  are  no  decuffations  of 
the  rays  within  the  fubftance  of  either  of  the 
three  lenfes,  and  the  effed  is  exadly  the 
fame  as  that  produced  by  the  eye  of  the 
animal,  in  which  I  can  find  nothing  to  prove 
that  there  is  a  real  decuifation  of  the  rays 
within  the  body  of  the  vitreous  humor. 
However,  if  this  experiment  is  not  furficient 
to  caufe  a  doubt  relative  to  the  decuifation 
of  the  rays  of  light  within  the  eye,  it  will 
ferve  at  leaft  as  a  flrong  proof  to  confirm 
what  has  been  already  mentioned  relative  to 
the  focal  diflance  of  mediums.  When  a 
fourth  and  fifth  lens  were  applied,  the  icon 
of  the  objeds  ceafed  to  appear,  and  all  was 
a  confufed  «mafs  of  light  without  any  deter¬ 
mined  figure.  But  when  I  applied  a  large 
objefl  do fe  to  the  firfi  lens  H  I,  it  could 
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then  be  perceived  through  the  fifth  lens  in  an 
inverted  fituation. 

From  all  thefe  circumftances  taken  toge¬ 
ther,  I  thought  I  might  be  allowed  to  con- 
fider  the  inverted  pofition  of  objedts  on  the 
retina  of  the  eye,  as  a  chimerical  hypothefis 
only.— This  induced  me  to  inveftigate  the 
caufe  of  vifion.  I  firft  began  by  denying, 
or  at  leafh  doubting  of  the  inverfion  of  ob- 
jedls  on  the  retina,  and  fupported  a  thefis 
in  the  fchools  under  the  following  title — 
Oiicedam  Phyfiologtccr  clique  Dioptricce  contra 
ohjeBorum  in  retina  inverjionem  Objecliones 
The  matter  though  new  was  received  with¬ 
out  prejudice. 

/ 

Encouraged  by  this  fuccefs,  1  began  to 
examine  my  fubjedl*  with  more  attention, 

and  am  now  fully  perfuaded  that  the  decufi 
fation  of  the  rays  of  light  within  the  vitre¬ 
ous  humor  of  the  eye,  is  an  abfolute  error, 

K  2  confer 
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confequently  the  inverfion  of  objects  a  mere 
hypothecs. 

Since  then  the  fyftern  of  vifion  according 
to  Defcartes  and  Kepler  may  be  erroneous, 
we  ihall  next  endeavor  to  propofe  one  that 
fhall  be  fubjeft  to  no  fimilar  inconvenience. 
With  this  intention  we  are  to  confider  the 
fenfe  of  feeing  as  the  pureft  fentiment  of 
conta6f  with  external  obje61s.  I  mean,  that 
the  gentle  ftimulus  of  the  rays  of  light  on 
the  optic  nerve  is  the  immediate  caufe  of 
vifion.— No  paintings  of  obje6fs  are  requi- 
fite,  no  inverted  reprefentations  of  them  in¬ 
trude  upon  us,  or  require  the  influence  of 
a  rational  innate  fentiment  to  re£fify  and 
contradi6f,  but  on  the  contrary  all  is  uni¬ 
form  and  fimple. 

We  fuppofe  an  external  obje£l  as  A  B, 
(fig.  14,)  held  up  to  the  eye  that  confiders 
it,  and  the  cone  of  rays  which  are  refie£ied 
from  its  furface,  as  contra6!ed  by  the  exter- 
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nai  form  of  the  tranfparent  cornea  at  CD. 
This  contraction  is  the  confequence  of  the 
fpherical  form  of  the  medium,  that  is  to  fay, 
the  periphery  of  the  tranfparent  cornea. 
As  the  rays  of  light  enter  the  denfer  humors 
of  the  eye,  they  are  powerfully  refradled, 
particularly  fo  by  the  cryltalline.  But  the 
vitreous  humor  from  its  deniity,  (the*  not 
near  equal  to  that  of  the  cryftalline)  is  top 
powerful  in  its  adlion  to  admit  of  a  decuf- 
fation  of  the  rays  of  light  within  its  fub- 
fiance.  For  I  have  endeavored  to  prove  in 
the  9th  proportion,  that  the  rays  of  light 
can  never  exert  their  expanhve  force  be¬ 
yond  the  focal  point,  when  the  medium  is 
denfer  than  the  ambient  air. 

The  vitreous  humor  counterbalances  the 
effedl  of  the  cryftalline,  for  without  the 
former  the  latter  would  reprefent  objedls  to 
the  optic  nerve  as  prodigioully  magnified. 
If  our  eyes  were  deprived  of  the  vitreous 

humor 
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hUmor,  all  objects  would  appear  one 
hundred  times  larger  perhaps  than  what 
they  are,  but  then  we  fhould  not  be  able  to 
fee  them  at  fo  great  a  diilance  from  us: 
This  circumftance  feems  fufficiently  proved 
from  what  has  been  already  afferted  in  fig. 
yth,  where  we  propofed  that  an  intervening 
medium  might  have  a  magnifying  power 
when  we  look'd  through  it,  and  the  object 
remain  in  its  natural  pofition  and  form. 

I % 

It  appears  therefore  that  the  external  po~ 
iitions  of  objedls  are  certain  in  themfelves, 

but  that  their  fituations  and  appearances  may 

« 

be  varied  in  many  different  ways  by  the 
force  of  intervening  mediums,  deftroying 
the  uniform  and  redtilinear  progrefs  of  the 
rays  of  light.  The  eye  is  not  formed  by 
the  hand  of  nature,  to  vary  the  fituations  of 
external  objedts,  but  a  medium  to  repre¬ 
fen  t  them  to  the  human  mind,  as  an  im¬ 
mediate  perception.  The  redlilinear  pro¬ 
grefs  of  the  rays  of  light  are  continued  on 
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to  the  optic  nerve,  by  which  means  we  fee 
objeds  without  variation. —Every  phenome¬ 
non  in  the  laws  of  vihon  may  be  reconciled 
to  this  fuppohtion,— The  proof  willfurnifh 
matter  for  fome  future  publication. 
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The  candid  reader  will  excufe  the 
errors  of  the  prefs. 
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